We assessed retinal ganglion cell (RGC) function, and established a correlation between the neural conduction along the visual pathways and the retinal involvement in Leber's hereditary optic neuropathy (LHON).
PURPOSE.
We assessed retinal ganglion cell (RGC) function, and established a correlation between the neural conduction along the visual pathways and the retinal involvement in Leber's hereditary optic neuropathy (LHON).
METHODS.
A total of 39 individuals carrying a LHON mutation (mean age, 33.35 6 8.4 years), LHON-unaffected (LU, 22 eyes) or LHON-affected (LA, 17 eyes), underwent visual acuity and visual field examinations. A total of 22 age-similar normal subjects (mean age, 38.2 6 6.0 years) served as controls. In all subjects, simultaneous pattern electroretinograms (PERGs) and visual evoked potentials (VEPs) were recorded in response to 60-minute (60 0 ) and 15-minute (15 0 ) checkerboard stimuli.
RESULTS. When compared to controls, LU eyes did not show any statistically significant difference in 60 0 and 15 0 VEP P100 implicit times (ITs), VEP N75-P100 amplitudes, and 60 0 PERG P50 ITs, whereas 15 0 PERG P50-N95 amplitudes were significantly (P < 0.01) reduced. When compared to control and LU eyes, LA eyes showed significant differences in PERG and VEP ITs, and amplitudes with both stimulations (60 0 and 15 0 checks). No significant correlations between PERG and VEP parameters were found in LU eyes, while in LA eyes, PERG P50 and VEP P100 ITs correlated significantly only when using 60 0 checks.
CONCLUSIONS.
The LHON-unaffected eyes showed a retinal dysfunction detected by abnormal PERG responses that was not associated with changes along the visual pathways assessed by normal VEP responses. In LA eyes, the impaired neural conduction recorded by VEPs in response to larger (60 0 VEP responses) and smaller (15 0 VEP responses) checks were associated and not associated, respectively, with the detected retinal dysfunction.
Keywords: pattern electroretinogram, pattern visual evoked potentials, Leber's hereditary optic neuropathy, retinal ganglion cells function, mitochondrial optic neuropathy L eber's hereditary optic neuropathy (LHON) is a mitochondrial disorder that leads to a bilateral acute loss of central vision, due to variable degrees of optic nerve atrophy. 1 Three pathogenic point mutations affecting mitochondrial DNA (mtDNA; 11778G>A/ND4, 3460G>A/ND1, and 14484T>C/ ND6) are found in the large majority of cases. 2 Disease penetrance is highly variable, even within the same family carrying the homoplasmic mutation (all mtDNA copies are mutated). 3 In addition, LHON consistently is more penetrant in males, with a female-to-male ratio ranging from 1:3 to 1:8, depending on the mutation type. 1 Clinically, fundus changes, such as telangiectatic and tortuous peripapillary vessels (peripapillary microangiopathy), and retinal nerve fiber layer (RNFL) swelling (pseudoedema), have been identified as preclinical and eventually as prodromal signs of disease conversion (acute phase). The acute phase usually leads to severe visual loss and optic atrophy developing over a period of 1 year, after which LHON patients enter the chronic phase. It has been established that the ophthalmologic events of the acute stage occur following a typical pattern characterized by the very early degeneration of small fibers of the papillomacular bundle. 4 Axonal loss and retinal ganglion cells (RGCs) apoptosis have been hypothesized to occur during the acute phase of LHON. 5, 6 An objective method to evaluate the optic nerve function is represented by the recording of visual evoked potentials (VEPs), 7 and LHON patients may present abnormal VEP responses. 8 Unaffected mutation carriers are defined as individuals lacking the full-blown expression of the disease. However, they carry the pathogenic LHON mutation, and they may present some fundus changes, dyschromatopsia, and visual field defects. 8 The condition of LHON mainly affects RGCs and the optic nerve, sparing the photoreceptors and retinal pigmented epithelium, 9,10 as documented clearly by histologic studies; however, retinal dysfunction in LHON patients and carriers has been described by neurophysiological methods.
Retinal function can be assessed by flash or flicker electroretinograms (ERG) and pattern ERG (PERG) eliciting responses from different generators: preganglionic elements or innermost retinal layers (RGCs and their fibers), respectively. [11] [12] [13] [14] [15] Reduced amplitudes for cone-driven single-flash and flicker ERG have been reported in one LHON patient and his asymptomatic carrier mother. To our knowledge, this is the only evidence showing that LHON also can affect retinal elements. 8 Dysfunction of the RGCs and related nerve fibers through the use of PERG has been reported only in two previous studies, performed in LHON-affected (LA) patients 16 and LHON-unaffected (LU) carriers. 17 The aim of our study was to assess retinal ganglion cell function, and to establish a correlation between the neural conduction along the visual pathways and the retinal involvement in LU and LA patients.
MATERIALS AND METHODS

Subjects
We studied 39 patients (age ranging from 20-45 years; mean age, 33.35 6 8.4 years) from 20 families with a molecularly confirmed diagnosis of LHON, harboring either the 11778/ ND4, 3460/ND1, or 14484/ND6 mutation. Each pedigree also was assessed for the mtDNA haplogroup, 18 which confirmed that they were unrelated. A total of 22 eyes from 22 normal age-similar subjects (mean age, 38.2 6 6.0 years; range, 19-48 years) served as controls.
All subjects underwent extensive ophthalmologic characterization, including best-corrected visual acuity measurement (BCVA) with the Early Treatment Diabetic Retinopathy Study (ETDRS) charts, expressed as a logarithm of the minimum angle of resolution (logMAR), slit-lamp biomicroscopy, IOP measurement, indirect ophthalmoscopy, optic nerve head 308 color standard photography, and Humphrey 24-2 automated visual field test (Humphrey Field Analyzer [HFA] 740; Carl Zeiss Meditec, San Leandro, CA).
Normal subjects had an IOP of less than 18 mm Hg; BCVA of 0.0 logMAR with a refractive error between À2.00 and þ2.00 spherical equivalents; 24-2 threshold visual field, with a mean deviation (MD) of 60.5 dB and corrected pattern standard deviation (CPSD) <1 dB; and no evidence of optic disc or retinal disease. The calculation of MD involves averaging the differences between the measured sensitivities and the ageadjusted normal sensitivities (total deviations) at each test point, thereby describing the general depression or elevation of the field. The CPSD describes the spread of these total deviations and represents the asymmetry of the visual field. 19 Inclusion criteria for LHON patients were age ranging from 20 to 60 years; diagnosis of LHON, confirmed by identifying one of the three common pathogenic mutations (see above); LHON duration no less than 2 years; 24-2 HFA MD between À0.5 and À10 dB; CPSD between þ1 and þ10 dB; false-positive rate and false-negative rates each less than 20% with one or more of the following patterns: enlargement of the blind spot, cecocentral scotoma, paracentral defect around fixation more commonly temporal rather than nasal, and central defects that incorporated the physiologic blind spot; ability to maintain a stable fixation comparable to that of normal subjects (fixation loss rate ranging of 4%-6%) and ability to perceive clearly a fixation target on a screen at a viewing distance of 114 cm; BCVA between 0.00 and 0.5 logMAR; one or more papillary signs of LHON on conventional 308 color stereo slides; the presence of optic disc pallor, optic disc hyperemia, microangiopathy, nerve fiber layer swelling or deficit, peripapillary atrophy; refractive error (when present) between À3.00 and þ3.00 spherical equivalents; and no previous history or presence of any ocular disease involving cornea, lens, and retina/macula or detectable spontaneous eye movements (i.e., nystagmus). We excluded from the present study all eyes showing any sign of optic nerve pathology other than LHON.
On the basis of the visual psychophysical responses, the entire LHON population has been divided into LU and LA groups: The LU group showed BCVA of 0.0 logMAR, 24-2 HFA MD between þ0.5 and À2 dB, and CPSD <1 dB (22 patients with mean age 34.5 6 7.8 years, providing 22 eyes). The LA group showed BCVA between 0.00 and 0.50 logMAR, 24-2 HFA MD between À2 and À10 dB, and CPSD >2 dB (17 patients with mean age 32.2 6 9.0 years, providing 17 eyes).
All participants gave their informed consent. The research followed the tenets of the Declaration of Helsinki and the study was approved by the Local Ethics Committee.
Instrumentation and Procedures
Electrophysiological Examinations. In agreement with previously reported studies, 12, [20] [21] [22] [23] [24] [25] [26] [27] simultaneous PERG and VEP recordings were performed using the following methods.
Subjects were seated in a semi-dark, acoustically-isolated room, in front of the display, and surrounded by a uniform field of luminance of 5 candelas (cd)/m 2 . Before the experiment, each subject was adapted to the ambient room light for 10 minutes, with a pupil diameter of approximately 5 mm. No mydriatic or miotic drugs were ever used. Stimulation was monocular after occlusion of the fellow eye. Visual stimuli were checkerboard patterns (contrast 80%, mean luminance 110 cd/m 2 ) generated on a TV monitor and reversed in contrast at the rate of 2 reversals per second. At the viewing distance of 114 cm, the check edges subtended 60 minutes (60 0 ) and 15 minutes (15 0 ) of visual angle. We used two different checkerboard patterns as suggested by International Society for Clinical Electrophysiology of Vision (ISCEV) standards 28 to obtain a prevalent activation of larger (60 0 checks) or smaller (15 0 checks) axons. [29] [30] [31] The monitor screen subtended 238. A small fixation target, subtending a visual angle of approximately 0.58 (estimated after taking into account spectacle-corrected individual refractive errors), was placed at the center of the pattern stimulus. At every PERG and VEP acquisition, each patient reported positively that he/she could perceive the fixation target clearly. The refraction of all subjects was corrected for viewing distance.
PERG Recordings. The bioelectric signal was recorded by a small Ag/AgCl skin electrode placed over the lower eyelid. The PERGs were derived bipolarly between the stimulated (active electrode) and patched (reference electrode) eyes using a previously described method. 32 As the recording protocol was extensive, the use of skin electrodes with interocular recording represented a good compromise between the signalto-noise ratio and signal stability. A discussion on PERGs using skin electrodes and their relationship to the responses obtained by corneal electrodes has been reported previously. 33, 34 The ground electrode was in Fpz. 35 Interelectrode resistance was lower than 3000 ohms. The signal was amplified (gain 50000), filtered (band pass 1-30 Hz), and averaged with automatic rejection of artifacts (100 events free from artifacts were averaged for every trial) by EREV 2000 (LaceElettronica, Pisa, Italy). Analysis time was 250 msec. The transient PERG response is characterized by a number of waves with three subsequent peaks of negative, positive, and negative polarity, respectively. In visually normal subjects, these peaks have the following implicit times (ITs): 35, 50, and 95 msec (N35, P50, N95).
VEP Recordings. Cup-shaped electrodes of Ag/AgCl were fixed with collodion in the following positions: active electrode in Oz, 35 reference electrode in Fpz, 35 ground in the left arm. Interelectrode resistance was kept below 3000 ohms. The bioelectric signal was amplified (gain 20,000), filtered (band-pass 1-100 Hz), and averaged (200 events free from artifacts were averaged for every trial) by EREV 2000. Analysis time was 250 msec. The transient VEP response is characterized by a number of waves with three subsequent peaks of negative, positive, and negative polarity, respectively. In visually normal subjects, these peaks have the following ITs: 75, 100, and 145 msec (N75, P100, N145).
During a recording session, simultaneous PERGs and VEPs were recorded at least twice (2-6 times) and the resulting waveforms were superimposed to check the repeatability of , Table 1 ), and one LA eye (LA#7, Table 2 ). Compared to the control eye, the LU eye showed delayed PERG P50 IT and reduced PERG P50-N95 amplitude with normal VEP P100 IT and N75-P100 amplitude. The LA eye presented remarkably reduced PERG and VEP amplitudes, and delayed PERG P50 and VEP P100 ITs when compared to normal limits. results. For all PERGs and VEPs, ITs and peak-to-peak amplitudes of each of the averaged waves were measured directly on the displayed records by means of a pair of cursors. On the basis of previous studies (i.e., the study of Parisi et al. 26 ), we know that intraindividual variability (evaluated by test-retest) is approximately 62 ms for PERG P50 and VEP P100 ITs, and approximately 60.25 lV for PERG P50-N95 and VEP N75-P100 amplitudes. During the recording session, we considered as ''superimposable'' and, therefore, repeatable, two successive waveforms with a difference in milliseconds (for PERG P50 and VEP P100 ITs) and in microvolts (for PERG P50-N95 and VEP N75-P100 amplitudes) less than the above reported values of intraindividual variability. Sometimes the first two recordings were sufficient to obtain repeatable waveforms; other times, however, further recordings were required (but never more than 6 in the cohort of patients or controls). For statistical analyses (see below), we considered PERG and VEP values measured in the recording with the lowest PERG P50-N95 amplitude.
In each subject or patient, the signal-to-noise ratio (SNR) of PERG and VEP responses was assessed by measuring a ''noise'' response while the subject fixated at a not-modulated field of the same mean luminance as the stimulus. At least two ''noise'' records of 200 events each were obtained, and the resulting grand average was considered for measurement. The peak-topeak amplitude of this final waveform (i.e., the average of at least two replications) was measured in a temporal window corresponding to that at which the response component of interest (i.e., VEP N75-P100, PERG P50-N95) was expected to peak. The SNRs for this component were determined by dividing the peak amplitude of the component by the noise in the corresponding temporal window. An electroretinographic noise <0.1 lV (mean, 0.079 lV; range, 0.066-0.098 lV, resulting from the grand average of 400-1200 events), and an evoked potential noise <0.15 lV (mean, 0.089 lV; range, 0.072-0.110 lV, resulting from the grand average of 400-1200 events) was observed in all subjects tested. In all subjects and patients, we accepted PERG and VEP signals with a signal-tonoise ratio >2.
Statistics
For all parameters, 95% confidence limits (CLs) were obtained from age-similar normal subject data by calculating mean values À2 and þ2 SD: mean values þ2 SD were calculated for PERG P50 and VEP P100 ITs (upper limit), and mean values À2 SD were calculated for PERG P50-N95 and VEP N75-P100 amplitudes (lower limit). Only one eye was evaluated for each subject. Differences in PERG and VEP IT and amplitude values between groups (controls, LU, and LA groups) were evaluated by 1-way ANOVA. Pearson's test was applied for linear regression to correlate individual PERG IT and amplitude measurements, with corresponding VEP IT at 60 0 and 15 0 checks. In all analyses, a more conservative P value <0.01 was considered as statistically significant, to compensate for multiple comparisons. Figure 1 shows examples of simultaneous PERG and VEP recordings with the 15 0 checks performed in an LU and LA patient. Individual values of PERG and VEP parameters detected in LU and LA eyes are reported in Tables 1 and 2 . Mean values and relative ANOVA of PERG and VEP results found between controls, LU, and LA eyes are reported in Table  3 .
RESULTS
LU Group
When considering individual values with respect to our normal limits, we found abnormal PERG P50 ITs in 11 of 22 eyes using the 60 0 checks stimulation and in 4 of 22 eyes using the 15 0 checks stimulation. The PERG P50-N95 amplitudes were checks, we failed to show any significant differences in PERG P50 ITs and PERG P50-N95 amplitudes when comparing control and LU eyes. Even with the 15 0 checks, there were no significant differences in PERG P50 ITs when compared to controls. In contrast, we found a significant (P < 0.01) reduction of 15 0 PERG P50-N95 amplitude in LU eyes when compared to controls.
The VEP P100 ITs and VEP N75-P100 individual amplitudes were within normal limits with the 60 0 and 15 0 stimulations in all LU cases. On average, when stimulated with either 60 0 or 15 0 checks, there were no significant differences in VEP P100 ITs and VEP N75-P100 amplitudes between control and LU eyes. Figure 2 shows the lack of correlations between PERG and VEP parameters.
LA Group
Considering the individual values, abnormal PERG P50 ITs were detected in the majority of LA eyes with the 60 0 (14/17) and 15 0 (15/17) checks stimulation. Abnormal PERG P50-N95 amplitudes were found in all eyes with the 60 0 checks and in all but one LA eye with the 15 0 checks stimulation. On average, we observed significant differences in PERG P50 ITs and P50-N95 amplitudes (either with 60 0 or 15 0 checks) in LA eyes when compared to controls and LU.
All LA eyes presented abnormal VEP P100 ITs by using 60 0 checks and in all cases but one with the 15 0 checks. The VEP N75-P100 amplitudes were abnormal in all cases using the 60 0 and 15 0 checks. On average, significant differences in PERG and VEP parameters (amplitude and ITs) were found when comparing LA eyes to control and LU ones.
In Figure 3 , PERG P50 IT and P50-N95 amplitude individual values observed in LA eyes are plotted as a function of corresponding VEP P100 IT values, recorded with the 60 0 and 15 0 spatial frequency. When using the 60 0 checks spatial frequency recording, significant correlations between PERG and VEP IT individual values were observed in LA eyes (Fig. 3,  top left) . No other significant correlations between individual PERG parameters and VEP IT values were found when using the 15 0 checkerboard (Fig. 3, top right, bottom) .
DISCUSSION
Our study was designed to assess simultaneously RGCs function by PERG recordings and changes of the neural conduction along the visual pathways as assessed by VEP recordings, thus, evaluating the potential correlation between these two functional parameters in LU and LA subjects when compared to controls. The results obtained when comparing these two functional assessments showed that LU individuals only displayed abnormalities that consisted of reduced 15 0 PERG P50-N95 amplitudes, thus, supporting the notion of RGCs subclinical dysfunction. By contrast, LA patients showed profound abnormalities in PERG and VEPs under all experimental conditions, as was easily predictable considering the extensive loss of RGCs and their axons. 4 
Retinal Function (PERG Data)
The RGCs and their fibers' functionality are explored by PERG. [13] [14] [15] Since, in our cohort of LHON subjects, it was necessary to include those with ''no previous history or presence of any disease involving cornea, lens, macula, or retina,'' we enrolled patients aged between 20 and 45 years (mean age, 33.35 6 8.4 years) that should be considered as ''not old.'' Considering the aspects that may influence the electrophysiological responses (i.e., cataract or maculopathy), we believed that a similar study performed in older patients may present several confounding factors. Previous studies in optic neuropathies different from LHON showed impaired PERG responses that were ascribed to a dysfunction of the innermost retinal layers, 25, [36] [37] [38] [39] although a functional impairment of preganglionic elements also has been suggested. [40] [41] [42] [43] [44] More specifically, it has been reported previously that, while PERG P50 IT reflects the activity of the innermost retinal layers, a contribution of the preganglionic elements cannot be excluded completely. 44 Instead, the PERG P50-N95 amplitude is a more specific electrophysiological parameter used to evaluate the functionality of RGCs and their fibers. 45 In our LU and LA individuals, different abnormalities of the bioelectric responses from RGCs were found by recording PERG in function of the spatial frequency used (60 0 or 15 0 checks). In the LU population, when using the 60 0 spatial frequency, we failed to find any significant differences in PERG P50 IT and in PERG P50-N95 amplitude values when compared to controls. These results may have a possible explanation if we consider that the transient PERG recording using high-contrast checks, subtending 60 0 of visual arc, is a complex response, with contributions of contrast-and luminance-sensitive retinal generators (ganglion and preganglionic cells). 12 By contrast, in the same population, the responses to 15 0 checks revealed a significant (P < 0.01) reduction of PERG P50-N95 mean amplitude values, whereas the PERG P50 ITs results were similar to those of controls. The reduction of the 15 0 PERG P50-N95 amplitude suggested that there is an early RGCs dysfunction in subjects harboring the LHON mutation, but formally unaffected because of no loss of vision. Our results in the LU cohort mimic the similar electrofunctional condition of patients with ocular hypertension. In ocular hypertension eyes, the early detection of abnormal 15
0 PERG P50-N95 amplitudes associated with unaltered automated visual field 22, 26, 46, 47 supported the hypothesis that a loss of at least 20% of RGCs is necessary to induce a reduction of retinal sensitivity detectable by automated perimetry. 48 Thereby, early RGCs abnormalities may be detected by using PERG recording, whereas visual field sensitivity still is unaltered. 26, 38, 39, 49, 50 In ocular hypertension eyes, it also has been reported that despite normal perimetry, in vivo measurements of the inner retina thickness, obtained by optical coherence tomography (OCT), are correlated with PERG responses. 23 Similarly, RNFL thickness abnormalities by OCT have been described in LU subjects by Savini et al., 51 as being characterized by thickening limited to the temporal quadrant of the optic nerve. Thus, our functional results are consistent with the structural changes observed previously in LU subjects. 51 The present results led to the conclusion that there is a subclinical retinal dysfunction in LU subjects. Nikoskelainen et al. 52, 53 considered LU mutation carriers as ''mildly affected.'' In the late 1980s, they observed peripapillary microangiopathy characterizing the LU fundus examination, later confirmed by Sadun et al., 54 who also described microangiopathy of the optic nerve disc or focal nerve fiber layer swelling. More recent structural studies with OCT also have established selective RNFL abnormalities, 51 leading to the conclusion that early functional and anatomic inner retinal changes exist in the LU cohort, thereby possibly underlying disease pathogenesis. In our LA patients, we found delayed PERG P50 ITs and reduced PERG P50-N95 amplitudes in the majority of cases at both spatial frequencies (60 0 and 15 0 ) used. Regarding the PERG P50 IT, although the available literature reports normal or shortened values in inherited optic neuropathies, 43, 55 we detected a delay of this electrophysiological parameter and this is in agreement with other investigators. 17 In the genesis of PERG P50 IT-detected abnormalities, a contribution of preganglionic and ganglionic dysfunction 44 may be suggested, when the LHON pathology is full-blown. The concomitant reduction of PERG P50-N95 amplitude values implies that RGCs and their fibers' function are impaired in LA patients. Our findings confirmed previous results obtained by Lam et al., 17 who studied recruitment criteria for LHON gene therapy trial in patients harboring the 11778/ND4 mutation. They reported severe reductions in the PERG amplitude, associated with poor visual acuity and severe visual field loss in LHON patients. Similarly to our data, they also found reductions in the PERG amplitude, recorded at high spatial frequencies (1.7 cycles/ degree) in some carriers (7 of 21), with preserved visual acuity (20/25 in 7/7), and absent (6/7) or minimal (1/7) visual field defects. In addition, the abnormalities found in the PERG P50-N95 amplitude in our LA cohort are consistent with the previously reported RNFL structural abnormalities studied by OCT in LHON patients. 56 
Visual Cortical Responses (VEP Data)
Pattern reversal VEPs record bioelectric responses from the visual cortex, using different spatial frequencies: 60 0 and 15 0 checks. By varying the spatial frequencies, it is possible to determinate a prevalent activation of different neural components of the visual pathways based on the size of the retinal receptive fields, to evoke responses driven to the cortical areas by different axons' populations with variable neural conduction velocity. 29, 30 For instance, by using the 60 0 checks (spatial frequency with larger checks), we could activate mainly the large retinal receptive fields, thereby driving responses to the cortex by large axons. By contrast, by using the 15 0 checks (spatial frequency with smaller checks), we could activate preferentially the smaller retinal receptive fields with the bioelectric signal being driven to the visual cortex by small axons. In the LU eyes, VEP P100 ITs and N75-P100 amplitudes were normal in all cases, and on average there were no significant differences from controls with the 60 0 and 15 0 stimulations. These results may be interpreted as a normal neural conduction along the smaller and larger axons, also given the presence of a reduced bioelectrical activity of the innermost retinal layers as demonstrated by the PERG abnormalities. This also is supported by the absence of significant correlations between the values of PERG and VEP parameters in LU eyes (Fig. 2) . In fact, even though 11 subjects presented abnormal 60 0 PERG P50 ITs, this impairment was not sufficient to result in changes in VEP P100 ITs. The lack of correlation between retinal and cortical responses in LU eyes could indicate that RGCs dysfunction, as assessed by PERG, may be considered as an isolated marker of the status of the LU mutation carrier.
57
In the entire cohort of LA eyes, VEP amplitudes were reduced and ITs were delayed significantly (P < 0.01) when we used the large (60 0 ) and small (15 0 ) checks stimulations. These results were expected due to the variable degree of optic nerve damage and optic nerve fibers' degeneration. However, our findings are cross-sectional in nature and, the sequence of pathologic events proposed by Barboni et al. 4 is not highlighted by our study. These investigators reported that the smaller-caliber fibers of the papillomacular bundle are selectively damaged in the initial phase of the acute disease and later extend to the rest of the axons of the optic nerve when the optic atrophy occurs. Consistent with this hypothesis, Carelli et al. 2 suggested that the papillomacular bundle is the main target in the early stages of the degenerative process of LHON.
We also found a linear correlation between PERG P50 and VEP P100 ITs only when using the 60 0 checks (Fig. 3) , meaning that the more severe the retinal impairment (involving preganglionic and ganglionic elements), the more delayed the neural conduction along the larger axons of the visual pathways towards the cortex of symptomatic patients. On the other hand, our results did not reveal any significant correlation between PERG and VEP parameters when using the 15 0 checks stimulation, representing that in the same population, the neural conduction of the smaller axons along the visual pathways is not associated with the observed RGCs dysfunction.
CONCLUSIONS
The LU eyes showed a retinal dysfunction (abnormal PERG) that was not associated with changes, neither in the psychophysical responses (normal visual acuity and absence of visual field's defects) nor in the neural conduction along the visual pathways (normal VEPs).
In LA eyes, the abnormal PERG and VEP responses, and their relative correlations suggested that the neural conduction of axons of the visual pathways preferentially activated in response to larger checks (abnormal 60 0 VEPs) is associated with the retinal impairment. By contrast, the observed delay in the neural conduction of the axons activated by smaller checks (abnormal 15 0 VEPs) is not associated with the detected retinal dysfunction. Further prospective studies are requested to evaluate whether the observed RGCs dysfunction in LU patients could represent a potential index of disease progression and a conversion marker to the acute phase of LHON.
